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FIG. 4A 
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FIG. 5A 
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THERMOSTATIC APPARATUS AND COVER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a cover attached on 
a Wall for leading a cable or the like to the inside of a ther 
mostatic apparatus, such as an operation apparatus or a stor 
age apparatus, and also relates to a thermostatic apparatus 
using the cover. 
[0003] 2. Description of the Related Art 
[0004] Recently, in the biotechnology ?eld or the like, ther 
mostatic apparatuses, such as a storage apparatus called an 
incubator, and the like have been used in Which environmen 
tal conditions thereof such as temperature and humidity can 
be kept constant for culturing cells. In the incubator, samples 
or the like are stored in an inner chamber (hereinafter referred 
to as a storage chamber) enclosed With multiple Walls and 
having, for example, a rectangular-parallelepiped shape. The 
environmental conditions in the storage chamber can be kept 
constant. In the meantime, isolators have been used as ther 
mostatic apparatuses. An isolator is an operation apparatus 
Which alloWs experiments or operations to be performed in an 
inner chamber (hereinafter referred to as an operation cham 
ber) by use of operation means. The operation chamber is 
enclosed With multiple Walls and has a rectangular-parallel 
epiped shape, and so on. The operation means includes: a 
robot hand installed inside the operation chamber; a glove 
Which alloWs operations to be performed in the operation 
chamber through an operation hole communicating With the 
operation chamber: and the like. Accordingly, such use of an 
isolator as a thermostatic apparatus enables experiments and 
operations to be performed under constant conditions in 
Which temperature, humidity, and the like are kept constant. 
[0005] The outer enclosures of these apparatuses, the stor 
age chambers or operation chambers inside the outer enclo 
sures, and the like have so called sealing capability against the 
surroundings. This sealing capability minimiZes chemical 
and biological in?uences from the surroundings. In addition, 
these components have heat insulated structures. With the 
sealing capability and the heat insulated structure, these appa 
ratuses including a temperature/humidity controller for con 
trolling the temperature and humidity therein can thus keep 
their internal environments in desired constant conditions. 
Note that, in the isolators, operation means, such as the above 
described glove has sealing capability. 
[0006] The environment in the above-described inner 
chambers (hereinafter referred to as internal environment) is 
highly humid. For example, the temperature in the inner 
chambers is generally approximately 37° C., and the humid 
ity is 80% or more. In some case, the humidity reaches 95%. 
[0007] In order to lead a cable into the inner chamber, that 
is, the operation chamber or the storage chamber, from the 
outside, the outer enclosure needs to have at least one hole, 
thorough Which the cable is led into the inner chamber from 
the outside. Examples of the cable (hereinafter generally 
referred to as a cord-shaped body) include a lead Wire, an 
optical ?ber cable, a tube, and the like connected to a mea 
suring instrument or a controlling instrument. The measuring 
instrument and the controlling instrument are used for per 
forming operations in So the operation chamber, culturing 
cells in the storage chamber, or the like. 
[0008] Since the cord-shaped body is led into the operation 
chamber or the storage chamber from the outside, the tem 
perature of the cord-shaped body is generally loWer than that 
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of the internal environment. This may loWer the temperature 
of the internal environment. In addition, since the temperature 
of the cord-shaped body is loWer than that of the internal 
environment and the internal environment is highly humid, 
condensation may occur on the cord-shaped body in the 
operation chamber or the storage chamber. Moisture attribut 
able to the condensation may alloW groWth of various bacteria 
and molds in the operation chamber or the storage chamber. 
HoWever, the incubator and the isolator need to keep sealing 
capability against chemical and biological in?uences. 
Accordingly, to avoid such groWth of various bacteria and 
molds or the like in the incubator and the isolator, the con 
densation on the cord-shaped body needs to be avoided. In 
addition, the moisture may cause deterioration of the cord 
shaped body or corrosion of the apparatus. Thus, also in this 
respect, condensation on the cord-shaped body needs to be 
avoided. 
[0009] Japanese Patent Application Publication No. 2002 
39666 discloses a refrigerator in Which condensation on a 
lead Wire is suppressed by causing the lead Wire to be in 
contact With a heat pipe installed in an external box of the 
refrigerator. 
[0010] Japanese Patent Application Publication No. H1 1 
074032 discloses a thermostatic bath in Which temperature 
drop of a component is prevented by the folloWing mecha 
nism. Speci?cally, a cable housing room is provided under a 
socket mounting plate, and air is circulated in the cable hous 
ing room through an inlet and an outlet. Accordingly, a cable 
connected to a socket of the component located at the socket 
mounting plate is heated, and the temperature drop of the 
component by heat dissipation from the cable become sup 
pressed. 
[0011] According to the conventional technique disclosed 
in Japanese Patent Application Publication No. 2002-39666, 
hoWever, in order to prevent condensation on the lead Wire, 
the refrigerator needs to have a built-in mechanism such as the 
heat pipe to be in contact With the lead Wire. Accordingly, 
there is a problem that, in a refrigerator Without the built-in 
mechanism, condensation on the lead Wire can not be pre 
vented in such a Way, once the production of the refrigerator 
is completed. 
[0012] According to the conventional technique disclosed 
in Japanese Patent Application Publication No. H1 1-074032, 
air is circulated betWeen the cable housing room and the 
thermostatic bath through the inlet and the outlet. As a result, 
Water vapor around the cable does not decrease. Accordingly, 
there is a problem that condensed moisture keeps increasing 
in a case Where the condensation is caused in the cable hous 
ing room due to the temperature drop of a cable surface 
caused by heat dissipation outside the cable room. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the above-described problems, an object 
of the present invention is to prevent condensation on a cord 
shaped body led into an operation apparatus or a storage 
apparatus. Another object of the present invention is to pro 
vide a thermostatic apparatus and a cover both of Which 
enable prevention of condensation on a cord-shaped body led 
into an operation apparatus or a storage apparatus, even When 
these apparatuses do not have the built-in mechanism for 
preventing condensation on the cord-shaped body. 
[0014] A thermostatic apparatus according to the present 
invention includes: an inner chamber enclosed With a plural 
ity of Walls; a temperature/ humidity controller for controlling 
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temperature and humidity in the inner chamber; and a cover 
attached to a Wall of the plurality of Walls so as to cover a hole 
provided in the Wall, the cover having a space betWeen the 
cover and the Wall, the cover including: a opening through 
Which a cord-shaped body passes, the cord-shaped body 
extending from the outside of the inner chamber to the inside 
thereof through the hole, a peripheral part being in hermetic 
contact With the Wall: a contact part being in hermetic contact 
With the cord-shaped body in the opening; and a sealant being 
in hermetic contact With the hole, the cord-shaped body is led 
through the sealant in hermetic state, and a part of the cord 
shaped body is housed in the space. 
[0015] A cover according to the present invention is used 
for a thermostatic apparatus including an inner chamber 
enclosed With a plurality of Walls and a temperature/humidity 
controller for controlling temperature and humidity in the 
inner chamber, and forming a space With a Wall of the plural 
ity of Walls by being attached to the Wall so as to cover a hole 
provided in the Wall, the cover comprising: a opening through 
Which a cord-shaped body passes, the cord-shaped body 
extending from the outside of the inner chamber to the inside 
thereof through the hole, a peripheral part being in hermetic 
contact With the Wall; a contact part being in hermetic contact 
With the cord-shaped body in the opening; and a sealant being 
in hermetic contact With the hole, the cord-shaped body is led 
through the sealant in hermetic state, and a part of the cord 
shaped body is housed in the space. 
[0016] The cord-shaped body represents a long thin body 
like a cord and examples thereof include a cable (such as a 
lead Wire or an optical ?ber cable), a duct, a tube or the like 
Which is typically used in a measuring instrument or the like. 
A part of the cord-shaped body is stored in a housing space, 
While banded in a meandering manner or a coiled manner. The 

cord-shaped body may be led in and out through a single hole; 
alternatively, the cord-shaped body may be led in through one 
hole and led out through another hole. 
[0017] The terms “sealing capability”, “hermetic”, and 
“hermetically” are used to describe a hermetic state that is 
regarded as being chemically and biologically sealed from 
the surroundings or a state in Which chemical and biological 
in?uences from the surroundings are minimized. 
[0018] The present invention makes it possible to prevent 
condensation on a cord-shaped body led into an operation 
apparatus, a storage apparatus, or the like. In addition, instal 
lation of the cover of the present invention enables the pre 
vention of condensation on a cord-shaped body led into an 
operation apparatus or a storage apparatus, even When these 
apparatuses do not have the built-in mechanism for prevent 
ing condensation on the cord-shaped body. 
[0019] Meanings and effects of the present invention Will 
be further apparent from the folloWing description on an 
embodiment of the present invention. 
[0020] Note that the folloWing embodiment is a mere 
embodiment of the present invention. Therefore, the present 
invention and meanings of terms for constituent features of 
the present invention are by no means limited to those 
described in the folloWing embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIGS. 1A and 1B shoW an incubator according to an 
embodiment. 
[0022] FIGS. 2A and 2b shoW an isolator according to an 
embodiment. 
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[0023] FIG. 3 is a cross-sectional vieW of an anti-conden 
sation cover according to an embodiment. 
[0024] FIGS. 4A and 4B are perspective vieWs of the anti 
condensation cover according to an embodiment. 
[0025] FIGS. 5A and 5B are perspective vieWs of an anti 
condensation cover according to an embodiment. 
[0026] FIGS. 6A and 6B shoWs relationship betWeen tem 
perature and saturation vapor pressure as Well as temperature 
characteristics near the surface of a cable according to an 
embodiment. 
[0027] FIGS. 7A and 7B are diagrams shoWing simulation 
results of temperature distribution of the surface and the 
inside of a cable according to an embodiment. 
[0028] FIGS. 8A and 8B are diagrams shoWing simulation 
results of temperature distributions of the surface and the 
inside of a cable according to an embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] Hereinafter an embodiment of the present invention 
Will be described With reference to the draWings. 
[0030] FIGS. 1A and 1B shoW an anti-condensation cover 
100 according to the embodiment hermetically attached to an 
incubator 500. FIG. 1A is a left-front vieW of the incubator. 
FIG. 1B is a right-front vieW of the incubator. In FIG. 1A, the 
front door of the incubator is not shoWn for the sake of 
description. 
[0031] As shoWn in FIGS. 1A and 1B, the incubator 500 
includes a storage chamber 503 inside an outer enclosure 501. 
The anti-condensation cover 100 according to the embodi 
ment is attached to a Wall 502 so as to cover a hole 300. The 
hole 300 is provided in the Wall 502 that is one of the Walls 
enclosing the storage chamber 503. A cable 200, Which is a 
cord-shaped body, is led from the outside of the outer enclo 
sure 501 through the hole 300 into the hermetically-sealed 
storage chamber 503 in the incubator 500. Since the storage 
chamber 503 needs to be kept at a constant temperature, a 
temperature/humidity controller performing control for 
keeping, for example, the inside temperature and humidity 
constant is provided in the outer enclosure 501. The cable 200 
is led from the inside to the outside of the anti-condensation 
cover 100. Note that the Wall 502 has built-in heaters that are 
not shoWn in FIGS. 1A and 1B. The heater heats the storage 
chamber 503 under the control of the temperature/humidity 
controller. 
[0032] The anti-condensation cover 100 of this embodi 
ment has a shape of a dome, and a space (hereinafter refereed 
to as a cable housing) betWeen the anti-condensation cover 
100 and the Wall 502. The anti-condensation cover 100 has an 
opening penetrating the top of the dome. The cable 200 
extends from the opening at the top. Note that the shape of the 
cover is not limited the dome shape, and any shape can be 
employed according to a place to Which the cover is attached. 
The peripheral part of the dome shape of the anti-condensa 
tion cover 100 is brought into contact With the Wall 502, and 
hermetically attached to the Wall 502. Note that the sealing 
capability betWeen the cover and the Wall 502 is provided in 
the folloWing manner. Speci?cally, the cover is ?xed With 
screWs and screW holes for ?xation provided around the hole 
300, is bonded by an adhesive, or is attached by use of mag 
nets or suction cups. Examples of the cable 200 include a 
measurement probe, a lead Wire, a poWer supply cable, an 
optical ?ber cable, a duct, a tube, and the like Which are 
connected to a stationary instrument 400, such as a measuring 
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instrument, a reagent supplying apparatus, a heater, or the 
like, used for measurements or experiments. The cable 200 is 
in hermetic contact With the cover 100. 
[0033] FIGS. 2A and 2B shoW an anti-condensation cover 
100 according to the embodiment hermetically attached to an 
isolator 600. In some cases, the isolator 600 is used for per 
forming operations under thermostatic conditions Where the 
environments of experiments such as temperature, humidity, 
and the like are kept constant. Here, description Will be made 
of such an application as an example. 
[0034] FIG. 2A shoWs the isolator 600 in a state Where a 
front door thereof is closed and operations can be performed. 
FIG. 2B shoWs the isolator 600 in a state Where the front door 
thereof is open and the inside of the isolator 600 can be 
vieWed. 
[0035] As shoWn in FIGS. 2A and 2B, the isolator 600 
includes an operation chamber 603 inside an outer enclosure 
601. The anti-condensation cover 100 according to the 
embodiment is attached to a Wall 602 so as to cover a hole (not 
shoWn). The hole is provided in the Wall 602 that is one of the 
Walls enclosing the operation chamber 603 . A cable 200 is led 
from the outside of the outer enclosure 601 through the hole 
into the hermetically-sealed operation chamber 603 in the 
isolator 600. Since the operation chamber 603 needs to be 
kept at a constant temperature, a temperature/humidity con 
trollerperforming control for keeping, for example, the inside 
temperature and humidity constant is provided in the outer 
enclosure 601. The cable 200 is led from the inside to the 
outside of the anti-condensation cover 100. Note that the Wall 
602 has a built-in heater that is not shoWn in FIGS. 2A and 2B. 
The heater heats the operation chamber 603 under the control 
of the temperature/humidity controller. 
[0036] The anti-condensation cover 100 and the cable 200 
are the same as those in the description of the incubator 500. 
Experiments or operations can be performed in the operation 
chamber 603 of the isolator 600. For the experiments or 
operations, operation means 605, such as gloves, is used 
Which alloWs operations in the operation chamber 603 to be 
performed through operation holes 604 communicating 
thereWith. Note that the operation means 605 and the opera 
tion holes 604 can have sealing capability. 
[0037] In the incubator 500 shoWn in FIGS. 1A and 1B and 
the isolator 600 shoWn in FIGS. 2A and 2B, condensation on 
a cord-shaped body, such as a cable, led into the incubator or 
the isolator can be prevented because of reasons to be 
described later. In addition, installation of the above-de 
scribed anti-condensation cover to the operation apparatus, 
the storage apparatus, or the like enables prevention of con 
densation on a cable led into these apparatuses, even When 
these apparatuses do not have a built-in mechanism for pre 
venting condensation. 
[0038] In addition, the cover can have sealing capability. 
Accordingly, because of reasons to be described later, humid 
air does not How into the cover, and thus the condensation 
inside the cover can be limited to a certain level. Furthermore, 
the condensed moisture in the cover is prevented from How 
ing into the inner chamber. 
[0039] Note that, because of reasons to be described later, 
these apparatuses have an advantage that a separate heat 
source for providing the cover With heat for preventing con 
densation is not required since the cover covers the Wall in the 
region Where the above-described built-in heater is provided. 
[0040] Next, description Will be made of the anti-conden 
sation cover. 
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[0041] FIG. 3 is a cross-sectional vieW of the anti-conden 
sation cover 100 according to the embodiment. The anti 
condensation cover 100 includes an opening 117 and a 
peripheral part 116. The opening 117 is located at the top of 
the above-described dome shape of the anti-condensation 
cover 100. The opening 117 of this embodiment is circular. 
The peripheral part 116 of this embodiment is ring-shaped, 
and is located in the periphery of the dome shape. The shape 
of the opening is not limited to a circle, and the shape of the 
peripheral part is not limited to a ring. Any shapes can be 
employed for the opening and the peripheral part in accor 
dance With the cross-sectional shape of the cable, the shape of 
the inner chamber, and the shape of the Wall, and the like. The 
peripheral part 116 is in hermetic contact With the Wall 502. 
[0042] FIG. 3 is a vertical cross-sectional vieW of the anti 
condensation cover 100 having a dome-like outer shape. The 
cross-sectional vieW is taken along the line connecting the 
center of the circular shape of the opening 117 and the center 
of the ring shape of the peripheral part 116 of the cover 100 
attached to the incubator 500. 
[0043] The anti-condensation cover 100 includes a heat 
insulator 112. The cable 200 is led through the opening 117 
With a packing 110 interposed therebetWeen for securing 
sealing capability. Accordingly, the packing 110 represents a 
contact part of the present invention being in hermetic contact 
With the cable 200. 

[0044] Note that, in this embodiment, the anti-condensa 
tion cover 100 includes a single opening (the opening 117); 
hoWever, the anti-condensation cover 100 may include mul 
tiple openings (not shoWn). The multiple openings of the 
anti-condensation cover 100 alloW multiple cables 200 to be 
led from the outside to the inside of the inner chamber through 
a hole in the Wall and then through respective openings. 
[0045] The hole 300 is provided in the Wall 502, and a cable 
cap 113 including a heat insulator 109 therein is hermetically 
?tted into the hole 300. Note that the cable cap 113 represents 
the sealant of the present invention being in hermetic contact 
With the hole. The cable 200 covered With the heat insulator 
109 is led through the hole 300 from the outside of the incu 
bator 500 to the storage chamber 503 therein. 
[0046] Note that in this embodiment, the Wall 502 includes 
a single hole (the hole 300); hoWever, the Wall 502 may 
include multiple holes (not shoWn). The multiple holes in the 
Wall 502 alloW multiple cables to be led from the outside to 
the inside of the incubator. It is possible to lead multiple 
cables through one hole. HoWever, in such case, the diameter 
of the hole becomes greater in accordance With the number of 
cables used. This affects the sealing capability of the hole. In 
addition, multiple holes may be provided in different Walls. 
This alloWs multiple cables to be led from the outside to the 
inside of the incubator as similar to the above-described case. 

[0047] The cable housing 114 is a space enclosed by the 
dome-shaped cover 100 and the Wall 502. A part of the cable 
200 is stored in the cable housing 114, While banded in a 
meandering manner or a coiled manner. The load of the part of 
the banded cable 200 is supported by a cable stopper 111, or 
the part of the banded cable 200 is pressed by the cable 
stopper 111 toWard the Wall 502. Since the part of the cable 
200 is pressed by the cable stopper 111 toWard the Wall 502, 
heat is conducted to the part of the cable 200 from an inner 
Wall 507 heated by heaters 508 therein. 
[0048] Note that FIG. 3 shoWs a cross-sectional vieW of the 
Wall 502 of the incubator 500. The Wall 502 includes layers of 
the inner Wall 507, a heat insulator 505 and an outer crust 506. 
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The inner Wall 507 includes the built-in heaters 508. The 
heaters 508 and the heat insulator 505 make it possible to keep 
the inside temperature of the storage chamber 503 constant. 
Heat conduction from the heater 508 eliminates the need for 
a separate heat source in the cover 100 for heating the inside 
of the cable housing 114 and the part of the cable 200 stored 
in the cable housing 114. In other Words, the cover 100 needs 
no separate heat source to prevent condensation. 

[0049] FIGS. 4A and 4B shoW the part of the cable 200 
banded in a coiled manner in a state before (FIG. 4A) and after 
(FIG. 4B) housing ofthe cable 200 in the cable housing 114, 
vieWed from the peripheral part 11 6 side. Reference numerals 
in FIGS. 4A and 4B denote, respectively, the same constitu 
ents as those in FIG. 3 and the like. The cable 200 is banded 
in a coiled manner With such a curvature that no stress is 

caused in the cable. The part of the cable 200 may be banded 
in a meandering manner With such a curvature that no stress is 

caused in the cable. 

[0050] Note that, FIGS. 5A and 5B shoW an example of a 
case Where the opening and the peripheral part 116 of anti 
condensation cover 100 are continuous With each other. FIG. 
5A shoWs the part of the cable 200 banded in a coiled manner 
in a state before housing of the cable in the cable housing 114r 
While FIG. 5B shoWs the part of the cable 200 banded in a 
coiled manner in a state after housing of the cable in the cable 
housing 114. Reference numerals in FIGS. 5A and 5B denote, 
respectively, the same constituents as those in FIG. 3 and the 
like. The cable is banded in a coiled manner With such a 
curvature that no stress is caused in the anti-condensation 
cover 100; alternatively, the cable may be banded in a mean 
dering manner. The opening 117, for example, has such a 
shape that a notch 108 located in the side surface of the 
anti-condensation cover 1 00 is formed in the above-described 
peripheral part 116 as shoWn in FIGS. 5A and 5B. Note that 
the notch 108 corresponds to the opening. In other Words, the 
anti-condensation cover 100 in FIGS. 5A and 5B includes no 
opening at the top of the dome. The cable 200 extends from 
the notch 108 to the outside of the anti-condensation cover 
100. 

[0051] In FIGS. 3, 4A and 4B, it is described that the part of 
the cable 200 is stored in the housing 114. When the length L 
of the stored part of the cable 200 is shorter than a certain 
length Lth, the surface temperature of the stored part of the 
cable 200 may not be suf?ciently increased inside the anti 
condensation cover 100. Accordingly, condensation may 
occur on a portion of the cable 200 just outside the anti 
condensation cover 100. To prevent this, the length L of the 
part of the cable 200 stored in the anti-condensation cover 100 
needs to be longer than a certain length Lth. Hereinafter, 
description Will be given of a method for calculating the 
certain length Lth for the incubator, for example; hoWever, the 
method for calculating the certain length Lth is not limited 
thereto. 

[0052] FIG. 6A is a characteristic diagram (graph) shoWing 
the outline of the relationship betWeen temperature and satu 
ration vapor pressure. FIG. 6B is an enlarged diagram of a 
portion of the characteristic diagram and the like. Note that, in 
the folloWing description, a case Where the inside environ 
ment of the incubator is at a temperature of 38° C. and a 
humidity of 80% is taken as an example. 

[0053] FIG. 6A is the characteristic diagram of the satura 
tion vapor pressure at a temperature ranging from 0° C. to 
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100° C. under a pressure of 1 atm. In FIG. 6A, the horiZontal 
axis represents temperature, and the vertical axis represents 
saturation vapor pressure. 
[0054] The upper part in FIG. 6B is an enlarged diagram of 
the characteristic diagram shoWn in FIG. 6A. The upper part 
shoWs characteristics of saturation vapor pressure at a tem 
perature ranging from 25 to 38° C. and the region Where 
condensation may occur. In the upper part in FIG. 6B, the 
horiZontal axis represents temperature, and the vertical axis 
represents saturation vapor pressure. 
[0055] On the other hand, the loWer part in FIG. 6B shoWs 
the temperature distribution in the length direction of the 
cable extending from the Wall 502 to the inside of the incu 
bator. The temperature near the cable surface is assumed to be 
the same as that on the cable surface. In the loWer part in FIG. 
6B, the horiZontal axis represents the temperature near the 
cable surface, and the vertical axis represents the length L of 
the cable from the Wall 502 (the length L of the cable inside 
the incubator increases in the doWnWard direction of the 
vertical axis). For this case, Which part of the cable surface are 
subjected to condensation Will be discussed. 
[0056] Suppose that, at the length denoted by LILWet, the 
surface temperature of the cable is 34° C. As shoWn in FIG. 
6B, at a length in a range 0<L<LWet, the surface temperature 
of the cable is beloW 34° C. This suggests that the air tem 
perature near the cable surface at a length in a range 
0<L<LWet is beloW 34° C. This means that, according to the 
calculation, the amount of Water vapor in the air near the cable 
surface at a length in a range 0<L<LWet exceeds the amount 
corresponding to the saturation vapor pressure. HoWever, in 
actuality, the amount of Water vapor in the air cannot exceed 
the amount corresponding to the saturation vapor pressure. 
Water vapor exceeding the amount corresponding to the satu 
ration vapor pressure is lique?ed. This means that condensa 
tion occurs on the cable surface at a length in a range 
0<L<LWet. 

[0057] Accordingly, the certain length Lth should be equal 
to or greater than LWet, according to the calculation. HoW 
ever, this calculation is made for an ideal case Where the 
temperature of the air around the cable shoWs a temperature 
gradient in the length direction of the cable in accordance 
With the temperature distribution of the cable surface. In 
actuality, since the air circulates, the ideal temperature gradi 
ent as described above cannot be achieved normally. There 
fore, in practical, the Lth should be someWhat greater than 
LWet. 

[0058] As described above, the length Lth (LWet) can be 
calculated by a simulation of temperature distribution near 
the cable surface using the temperature and the humidity 
inside the incubator, the temperature outside the incubator, 
and the temperature distribution on the cable surface. One 
example of simulation results Will be described beloW. 
[0059] FIGS. 7A and 7B shoW the simulation result of the 
temperature distribution of the surface and the inside of the 
cable in the incubator into Which the cable is led from the 
outside to the inside. Note that FIGS. 7A and 7B also shoW 
simulation results of temperature distributions of the inner 
Wall, the inside air, and outside air of the incubator. 
[0060] In addition, the temperature outside the incubator in 
FIG. 7A is 25° C., and the heater temperature in the Wall of the 
incubator in FIG. 7A is 38° C. FIG. 7A shoWs simulation 
conditions such as the boundary conditions of the simulation, 
and dimensions of the storage chamber. FIG. 7B shoWs the 
simulation results of the temperature distributions of the 
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cable, the inside of the storage chamber and the outside of the 
incubator. Note that FIG. 7B is an enlarged diagram shoWing 
the simulation results of the temperature distributions in the 
area enclosed by the dotted line. 

[0061] 
[0062] The cable has a double-layered structure. The core 
Wire of the cable is made of a single copper Wire, and has a 
diameter of 1 mm and a heat conductivity of 420 W/mK. The 
coating of the cable is made of vinyl chloride, and has a 
thickness of 1.5 mm and a heat conductivity of 0.14 W/mK. 
Heaters are provided in the inner Walls of the incubator, and 
the temperature of the inner Walls provided With the heater is 
38° C. Each of the inner Walls of the incubator includes 
therein a dual structure formed of air (With a heat conductivity 
of 0.02 W/mK) serving as a heat insulator, and a stainless steel 
(With a heat conductivity of 41 W/mK). Calculation is made 
under these preconditions. As shoWn in FIG. 7A, the inner 
Walls, i.e., Walls of the storage chamber are made of stainless 
steel plates With a thickness of 2 mm, and the outer Walls, i.e., 
the outer enclosure of the incubator are made of stainless steel 
plates With a thickness of 2 mm. The inner dimensions of the 
storage chamber are 300 mm in height and 300 mm in length 
from the hole. 

[0063] The cable has an L-shape, as shoWn in FIGS. 7A and 
7B. The entire length of the L-shaped portion is approxi 
mately 28 cm, and the cable is bent at a position approxi 
mately 20 cm aWay from the hole in the inner Wall. The cable 
inside the incubator is not in contact With the inner Wall of the 
incubator. 

[0064] According to the simulation results shoWn in FIG. 
7B, the temperature distributions of the surface and the inside 
of the cable are described as folloWs: a region in an approxi 
mate temperature range of 30.7 to 322° C.; a region in an 
approximate temperature range of 32.2 to 33 .6° C.; a region in 
an approximate temperature range of 33.6 to 351° C., in this 
order from the region closest to the hole of the inner Wall of 
the incubator. Note that the temperature on the cable surface 
tends to be higher than that of the inside of the cable. As 
described above, most parts of the cable surface except the 
part at the tip of the cable have a temperature beloW 34° C. In 
combination With the description made in FIGS. 6A and 6B, 
the simulation results shoW that condensation may occur in 
most parts of the surface of the cable inside the incubator. 

[0065] FIGS. 8A and 8B shoW simulation results of the 
temperature distributions of the surface and the inside of a 
cable Which is also led from the outside to the inside of the 
incubator. Note that FIGS. 5A and 5B shoW simulation results 
of temperature distributions of the inner Wall, the inside air, 
and the outside air of the incubator. 

[0066] The incubator in FIGS. 8A and 8B is different from 
that in FIGS. 7A and 7B in that the cover according to this 
embodiment is attached to the inner Wall of the incubator. In 
the cover, a portion of the cable is in contact With the inner 
Wall of the incubator. 

[0067] FIG. 8A shoWs simulation conditions such as the 
boundary conditions of the simulation, and dimensions of the 
storage chamber. FIG. 8B shoWs the simulation results of the 
temperature distributions of the cable, the inside of the stor 
age chamber and the outside of the incubator. Note that FIG. 
8B shoWs the simulation results of the temperature distribu 
tions in the area enclosed by the dotted line in FIG. 8A. The 

The simulation preconditions are as folloWs. 
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conditions described in FIG. 8A are the same as those 
described in FIG. 7A except that the anti-condensation cover 
is made of a stainless steel plate With a thickness of 2 mm. 

[0068] In addition, the cable has a crank-shape as shoWn in 
FIGS. 8A and 8B. The entire length of the crank-shaped 
portion is approximately 28 cm, and the cable is bent at a 
position approximately 8 cm aWay from the hole in the inner 
Wall. In the cover, a part of the cable (the part 8 cm aWay from 
or closer to the hole) is in contact With the inner Wall of the 
incubator. The simulation preconditions are the same as those 
in FIG. 7, except the shape of the cable. 
[0069] According to the simulation results shoWn in FIG. 
8B, the temperature distributions of the surface and the inside 
of the cable are described as folloWs: a region in an approxi 
mate temperature range of 33 .6 to 35 . 1 ° C.; and a region in an 
approximate temperature range of 35.1 to 365° C., in this 
order from the region closest to the hole of the inner Wall of 
the incubator. 

[0070] In a ?rst portion of the cable Within approximately 5 
cm from the hole in the inner Wall of the incubator, the 
temperatures of some points of the cable surface are beloW 
34° C. The simulation results shoW that condensation may 
occur on the points of the cable With a surface temperature 
beloW 34° C. as described above With reference to FIG. 6B. 
Here, in a portion of the cable in contact With the Wall of the 
incubator, a second portion (the portion excluding the ?rst 
portion Within approximately 5 cm from the hole in the inner 
Wall of the incubator) of the cable have a surface temperature 
above 34° C., because the second portion is heated by the 
heaters in the inner Wall of the incubator. Since the tempera 
ture of the core Wire in the second portion of the cable is also 
34° C. or above, the temperature of the surface of the second 
portion does not fall beloW 34° C. In addition, the ?rst portion 
Within approximately 5 cm from the hole in the inner Wall of 
the incubator is housed in the cover according to this embodi 
ment. Accordingly, condensation does not occur on the sur 
face of the cable located outside the cover and inside the 
incubator. Here, suppose that condensation has occurred 
inside the cover. Even in such a case, the moisture never leaks 
into the inside of the incubator through the cover, since the 
anti-condensation cover 100 is hermetically attached to the 
Wall With the periphery of the dome shape of the anti-conden 
sation cover 100 being in contact With the Wall. 

[0071] Note that the ?rst portion of the cable Within 
approximately 5 cm from the hole in the inner Wall of the 
incubator can be regarded as a portion Within the above 
described certain length LWet. It is preferable that the length 
Lth be suf?ciently longer than the 5-cm length, because of the 
above-described reasons. 

[0072] The capacity of the housing 114 housing a part of the 
cable 200 may vary depending on the heat conductivities of 
the cable and the inner Wall of the incubator, or the like; 
hoWever, the capacity of the housing 114 is determined 
depending on at least the length of the cable determined in 
accordance With the temperature distribution of the cable 
surface, i.e., the above-described certain length Lth as Well as 
the thickness (the radius or the diameter of the cable). In other 
Words, the capacity of the housing 114 depends on at least the 
volume of the part of the cable stored in the housing 114. 

[0073] Note that the capacity of the housing 114 in this case 
is close to the minimum possible value of the capacity of the 
housing 114. The capacity of the housing 114 should be 
determined so that the cable can be banded in a meandering 
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manner With such a curvature that no stress is caused in the 

cable. In addition, the capacity of the housing 114 should be 
determined depending on the volume of the heat insulator in 
the anti-condensation cover 100, the siZe and shape of the 
cable stopper 111. In consideration of the above-described 
factors, the capacity of the housing 114 is desirably deter 
mined in the optimal capacity, While avoiding an excessively 
large value. 
[0074] As described above, use of the anti-condensation 
cover 100 can prevent condensation on a cord-shaped body, 
such as a cable, led into a storage apparatus, such as an 

incubator, or an operation apparatus, such as an isolator. In 
addition, it is possible to provide the anti-condensation cover 
Which is attached to a storage apparatus, such as an incubator, 
or an operation apparatus, such as an isolator, and Which 
prevents condensation on a cord- shaped body, such as a cable, 
led into the storage apparatus or the operation apparatus, even 
When these apparatuses do not have a built-in mechanism for 
preventing condensation on the cord-shaped body. 
[0075] In addition, since the cover includes the peripheral 
part being in hermetic contact With the Wall, and the contact 
part being in hermetic contact With the cord-shaped body, 
humid air does not How into the cover. Accordingly, the 
condensation inside the cover can be limited to a certain level. 
Furthermore, the condensed Water in the cover is prevented 
from ?oWing into the inner chamber. 
[0076] Note that the cover has an advantage that a separate 
heat source for preventing condensation is not required in the 
cover, since the cover covers the Wall in the region Where the 
built-in heaters are provided. 

[0077] The embodiment of the present invention can be 
modi?ed as appropriate Within a range of technical ideas 
described in the scope of the claims in various Ways. 
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What is claimed is: 
1. A thermostatic apparatus comprising: 
an inner chamber enclosed With a plurality of Walls; 
a temperature/ humidity controller for controlling tempera 

ture and humidity in the inner chamber; and 
a cover attached to a Wall of the plurality of Walls so as to 

cover a hole provided in the Wall, the cover having a 
space betWeen the cover and the Wall, the cover includ 

a opening through Which a cord-shaped body passes, the 
cord-shaped body extending from the outside of the 
inner chamber to the inside thereof through the hole, 

a peripheral part being in hermetic contact With the Wall; 
a contact part being in hermetic contact With the cord 

shaped body in the opening; and 
a sealant being in hermetic contact With the hole, 

the cord- shaped body is led through the sealant in hermetic 
state, and 

a part of the cord-shaped body is housed in the space. 
2. A cover used for a thermostatic apparatus including an 

inner chamber enclosed With a plurality of Walls and a tem 
perature/humidity controller for controlling temperature and 
humidity in the inner chamber, and forming a space With a 
Wall of the plurality of Walls by being attached to the Wall so 
as to cover a hole provided in the Wall, the cover comprising: 

a opening through Which a cord-shaped body passes, the 
cord-shaped body extending from the outside of the 
inner chamber to the inside thereof through the hole, 
a peripheral part being in hermetic contact With the Wall; 
a contact part being in hermetic contact With the cord 

shaped body in the opening; and 
a sealant being in hermetic contact With the hole, 

the cord- shaped body is led through the sealant in hermetic 
state, and 

a part of the cord-shaped body is housed in the space. 

* * * * * 


